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Abstract 
Regional traffic signal optimization has been always a hot research field. The study of signal control in urban traffic network is a 
fundamental work to enhance traffic efficiency and depress traffic congestion. In this paper, the optimization goal which can be 
used to optimize the network performance index, includes average vehicle travel delay, queue lengths, intersection throughputs, 
etc. The improved mesoscopic traffic simulation model is presented to simulate the processes of traffic movement. And the 
SPSA(Simultaneous Perturbation Stochastic Approximation) algorithm is improved to the timing schemes of signal controllers in 
a network. And the first time the complex network theory is used to find the evolution of network topology interactive with 
optimal signal. The simulation results present that the optimal signal timings and optimal network topology can both alleviate 
traffic congestion and more effective on improve average network journey velocity. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Department of Transportation Engineering, Beijing Institute of Technology. 
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1. Introduction 
Researchers in operations research, transportation engineering and computer science have taken a keen interest in 
the problem of traffic congestion and propagation in recent years. For example, from the macroscopic view, the 
congestion formation on a single bottleneck is studied [1-3] and the effect of congestion in a traffic network at the 
macroscopic system level is reported [4-6]. Gentile et al. propose a new model for the within-day Dynamic Traffic 
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Assignment (DTA) on road networks where the simulation of queue spillovers is explicitly addressed, and assess the 
efficiency of the proposed algorithm and its applicability to real instances with large networks. At the microscopic 
system level, there are very few reports of congestion propagation (CP) phenomenon. Long use the cell transmission 
model and apply it to simulate the formation and dissipation of traffic jams [7]. It is very difficult to analyze the jam 
propagation with the employed analytical models, because the dynamic propagation of traffic flow in network is 
extremely complicated which relates to human behavior (e.g., departure time choice, route choice) and network 
structure. Therefore, the simulation methods are developed to analyze this problem. For example, a combination of 
theoretical analysis and computer simulation is proposed to reveal some unexpected features of jam propagation for 
idealized grid networks [8-13]. Roberg [8, 9] proposed simulation models which concentrated on a holistic view of 
traffic jam formation due to incidents, and described a number of strategies which could be exploited to achieve a 
controlled dispersion of traffic jams. Wright and Roberg [12] proposed a simple analytical model for incident based 
jam growth and discussed the effect of the length of the channelized part of roads and stopline width assignment on 
jam formation. Roberg and Abbess [10] applied a simulation model to investigate the diagnosis and treatment of 
traffic jams. Wright and Roberg [13] developed simple models for traffic jams and strategies for congestion control 
on idealized rectangular grid networks. Roberg-Orenstein et al [11] developed several alternative strategies for 
protecting networks from gridlock and dissipating traffic jams once they had formed. The treatment focused on the 
installation of bans at specific network locations.  
The urban traffic network is a result of continuous evolution of the road system, in the process of evolution, the 
network structure always changing with the time. In the past years, the topological complexities of traffic network 
had been studied. It has been found that some transportation networks exhibit some characteristics of complex 
networks. In recent years, the study of topological and dynamical properties of traffic networks has received a lot of 
interest. Part of this interest comes from the attempt to understand the macroscopic behavior of traffic networks, i.e. 
topological behaviors, statistical properties, structure evolvement, etc. However, others focus on the discovery of 
dynamics characteristics, i.e. the form and propagation of traffic congestion. 
2. Overview of DynaCHINA 
Because the following models and method are achieved in DynaCHINA, and the authors are the main number of 
the developing software, here we overview it. 
DynaCHINA(Dynamic Consistent Hybrid Information based on Network Assignment) is a simulation-based real 
time Dynamic Traffic Assignment (DTA) system that can estimates and predicts the current and/or future traffic 
conditions. DynaCHINA’s target is to realize the short-term transportation planning such as special events and work 
zones, and address the growing importance of real-time applications such as incident management, route guidance 
and emergency response. It is capable of providing predictive traffic information (speeds, densities, and 
queues/flows) based on a rolling-horizon implementation of an assignment-simulation framework. DynaCHINA can 
be operated in a distributed computation mode in support of real-time operations, including data synchronization, 
self-calibration of system parameters, and self-correcting of system states.  
DynaCHINA is an self-developing traffic simulation software in China and has some unique features except for 
the dynamic OD estimation techniques and dynamic traffic assignment and loading techniques, as compared with 
DynaMIT.  
3. Signal optimization model and algorithm 
3.1. The model 
This objective of the paper is not to consider the phase sequence optimization, only optimizing the duration of 
each phase of the green and the signal offset, while the signal cycle is no longer fixed. The optimization index is 
preferable to stop number or queue length. The model is as follows: 
T
 f(x)min (1)
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  s.t.  
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The obtained signal control cycle by the optimization model can be no longer consistent; if any, then the green 
splits to take the form of tih 
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and content to the following constraints 
min h maxC C Cd d                                                                                                                                                (6)
where: ^ `hd = d : the total delay of all intervals on the network, and hd is the travel delay column vector of all 
vehicles on all sections in the h interval. 
^ `hql = ql : the total queue length of all intervals on the network, and hql  is the average queue length column 
vector of all vehicles on all sections in the h interval. 
^ `hs = s : the total number of stops of all intervals on the network, and hs  is the number of stops column vector 
of all vehicles on all sections in the h interval. 
^ `hf  = f : the total flow into the intersection of all intervals on the network, and hf  is the outflow column vector 
of all vehicles on all sections in the h interval. 
hM : the output of the mesoscopic traffic simulation model, including the column vector of the flow on road 
sections, travel delay, average queue length and the number of stops. 
h h h h hx = [d  ql  s  f ]c c c c c : the column vector of network performance evaluation in the h  interval. 
^ `h=[ [ :the network performance index all intervals. 
( )h x : the mapping relationship between input and output of the mesoscopic traffic simulation model. 
( )g x : the mapping relationship between output of the mesoscopic traffic simulation model and network 
performance index.  
( )f x : the objective function. 
D : the OD demand. 
E : the travel choice model parameters, including the driver's travel time, route choice model and obtained 
through system calibration process; 
S :  the supply simulation model parameters, including the speed-density model parameters of typical sections, 
saturation flow rate, also obtained through system calibration process; 
hC : the public cycle of all signalized intersections in the h  interval. 
minC , maxC : the minimal and maximal cycle. 
^ `hT = T : the all controller parameters on network. 
^ `h ihT  = t : the parameter column vector of all signalized intersections in the h  interval. 
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intersection, and Pi is the number of phase, gijhs  is the split of the j phase at i intersection. 
minT , maxT : the upper and lower bound vectors of signal timing parameters. 
3.2. The algorithm based on SPSA 
In this paper, the best signal timing’s parameters are selected. So can use signal control technology to alleviate 
the network traffic congestion. In order to facilitate real-time applications, taking into account the efficiency and 
accuracy, the simultaneous perturbation stochastic approximation algorithm (SPSA) is selected for design the 
algorithm. 
SPSA algorithm requires only twice calculation for the objective function with independent of the number of 
parameters n. Generally speaking, stochastic approximation algorithm will produce a series of parameter estimator 
that is the gradient of objective function gradually tends to 0. Among them, the i iteration of the parameters are 
updated by 
1 ˆ ( )i i iia gT T T
                                       (7)
Where, și is parameter vector when the i  iteration starts, ˆ ( )ig T is the current estimator of the vector, ai  is gain 
for the step length. 
SPSA algorithm is only through two evaluations of the function, the gradient approximation can be got, and the 
calculation formula is as follows: 
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Where, ǻi is a K-dimensional stochastic perturbation vector; As the numerator for all k = 1,2, ..., K are the same, 
so each iteration has the static calculation (nothing to do with the vector dimension K), which is the most prominent 
advantages of the algorithm. Of course, the algorithm is required to achieve convergence must have enough rational 
number of iterations, and then have a good application value. SPSA algorithm is described in detail in [14]. 
4. Dynamic of network structure 
4.1. Three typical networks 
We represent networks as graphs ( , )G V E  where V  is the set of nodes, and E  is the set of edges. G  is 
described by the N Nu  adjacency matrix ^ `ije . Define N  as the size of the network. If there is an edge between 
node i  and node j , the entry ije  is the value 1; otherwise 0ije  . We start by constructing networks according to 
ER, SWalgorithms. The illustration is shown in Fig.1. 
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Fig. 1 The structure of networks 
4.2. Small world network with different rewire probability 
WS model is a method to construct small world network having both the small-world property and a high 
clustering coefficient. The model is based on a rewiring procedure of the edges implemented with a probability p . 
Then, for every node, each link connected to a neighbor is rewired to a randomly chosen node with a probability p , 
and preserved with a probability 1 p . Notice that for 0p   we have a regular lattice, while for 1p   the model 
produces a random graph. 
5. Simulation results 
We take different probability p for constructing the complex transport networks. For convenience, the number of 
nodes is 100 in this paper, and the probability is selected 20 values 0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0, 
0.15, 0.25, 0.35, 0.45, 0.55, 0.65, 0.75, 0.85, 0.95 respectively. Then 20 different topology networks are generated. 
Uniform is defined as 500 meters, one-way connection between the two nodes, the default is two lanes, each section 
is defined as a segment, and arranged in a square format 10x10, Each node is defined as the transportation zone (ie, 
OD points, although is not realistic, but does not affect the nature of the problem).  
In this study we focuses on the impacts of the network topology on the discipline of traffic jam propagation, so 
we set the same other parameters in order to observe the nature of the problem by the dynamic evolution of network 
structure. Jam density is defined as 0.1150pcu/m/l, D is 1.9420, E is 0.5040, the input and output capacity of 
segment is 0.611v/s. Since this study aimed primarily at urban road network, so the designed maximum speed is 
60km / h without signal control at all intersection. Simulation time is defined as 15min, a total of three hours of 
simulation, that’s a total of 12 time period. Network OD demand is loaded with periodic closure boundary condition. 
In order to better analyze the role of signal control and signal settings convenience, this still select the probability 
of 0,0.5,1 transport networks as the research object, namely, regular network, the complex network with probability 
of 0.5 and completely stochastic network. The regular network is taken the diagonal square node as signalized 
intersections, the initial value is set to green light in turn , phases selected is the same as the number of connected 
links with the intersection, the four vertices of the nodes do not set signals, and all phases are set for 40s. The 
complex network with probability of 0.5 is set to signal intersection nodes selected as 11, 13, 17, 18, 37, 54, and 57, 
67, 72, 85, 87, 94, 98. The network with probability of 1 are 2, 5, 9, 19, 23, 25, and 32, 38, 49, 58, 62, 70, 73, 77, 79, 
84, 92, 94, 96. The number of optimization is 100 times, demands are set to 1. First, given the convergence 
performance figure is as follows: 
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Fig.2 The convergence of SPSA 
Selected the maximum number of vehicles within the entire simulation period, the averaged traffic density, speed, 
flow throughout the network and traffic density, speed, flow of each link per interval as the research objects, 
analyzes the network traffic congestion as well as the effectiveness of the optimization algorithm. The maximum 
number of vehicle has appeared in the 12 interval. The following tables are there comparative tables. 
Table. 1 The index without signal 
the averaged value 
per link per interval 
without signal 
the averaged density of 
entire network 
the averaged flow of 
entire network 
the averaged speed of 
entire network 
The instantaneous 
maximum number of 
vehicle of entire network 
P=0 0.0082 233.0502 11.2518 18519 
P=0.5 0.0043 137.3756 13.4268 6850 
P=1 0.0041 128.9321 13.7166 5731 
Table. 2  The index with pre-optimized signal 
the averaged value 
per link per interval 
pre-optimized with signal control 
the averaged density of 
entire network 
the averaged flow of 
entire network 
the averaged speed of 
entire network 
The instantaneous 
maximum number of 
vehicle of entire network 
P=0 0.0377 131.1883 11.6499 95682 
P=0.5 0.0078 133.1821 13.2569 21603 
P=1 0.0120 121.7129 13.4767 23890 
Table. 3  The index with optimized signal 
the averaged value 
per link per interval 
optimized with signal control 
the averaged density of 
entire network 
the averaged flow of 
entire network 
the averaged speed of 
entire network 
The instantaneous 
maximum number of 
vehicle of entire network 
P=0 0.0345 134.2113 11.6597 96130 
P=0.5 0.0059 135.4544 13.2763 22038 
P=1 0.0086 123.7673 13.5375 24459 
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